Diffusible autoregulatory factors such as A-factor and virginiae butanolides (VB) are known to stimulate antibiotic production and/or aerial mycelium formation in a variety of Streptomyces speciesl~~3\ Most of these factors which contain a y-butyrolactone ring have been discovered by intraspecific feeding experiments, in which an extract of the culture supernatant of one species stimulated antibiotic production and/or cellular differentiation of the same species. The regulatory mechanisms by which these autoregulatory factors function have been precisely studied at a molecular level, and it is suggested that the strict ligand-specificity of their receptors confine the activity of of growth inhibitory zones. Strains stimulating (stimulator) or being stimulated (receiver) were thus identified and were further subjected to cross-feeding assays to confirm the activities: 6 colonies of a receiver strain were formed in a line at intervals of 1 cm on a Bennett's-glucose agar plate from a colony ofa stimulator strain and cultured at 28°C. In these ways the presence of a putative stimulatory factor secreted from a stimulator strain was detected by the induction of antibiotic production or sporulation of the receiver strain in a diffusion-gradient-dependent manner (see Fig. IB and 2B ). As shown in Fig. 1C , 26 among 76 strains (34%) were active in stimulating antibiotic production of 10 strains (13%) or sporulation of 7 strains (9%). Representative results of the cross-feeding assay are shown in Fig. IB . The stimulator strains did not cause distinct pH changes in the agar plates, which excludes the possibility that stimulation was a result of nonspecific effect of increased pH. Neither 50nmol of synthetic A-factor, VB-C2) nor 7-nonalactone showed stimulatory effects on the receiver strains (data not shown).
It was considered possible that the unexpectedly high frequency of cross-activation found in this study was due to the fact that genetic variations in strains taken from a culture collection. Therefore we carried out a similar analysis with fresh isolates. A cell suspension prepared from a soil sample collected from a field in Fujisawa-city, Kanagawa, Japan, was plated on Bennett's-glucose agar plates and 33 Streptomyces (or actinomycete) different strains were isolated according to macroscopic and microscopic observation. As described above, all pairs among the 33 strains were subjected to the crossstimulation assay. The result is summarised in Fig. 2A; and No. 49 {Streptomyces sulphureus), respectively. In both cases, the extracts showed distinct stimulation of antibiotic production of the receiver strains, while the extracts themselves showedno antibiotic activities (Fig. 3) .
Although signalling by y-butanolide-type autoregulators play an intraspecific role in controlling physiological and/or morphological differentiation in each Streptomyces species, our studies have revealed that interspecific signalling is a general feature in this group of bacteria. The frequency may be under-estimated because of the limited experimental conditions used in these studies. The high frequency among the fresh isolates implies that the interaction is more frequent in natural environments. Grafe et a/.4' 5) reported previously that anthracycline production of a mutant of S. griseus was induced by /-butyrolactones produced by several other Streptomyces species, and our previous studies showed that A-factor or A-factor-like substances were produced by several Streptomyces species other than S. griseus% Thus 7-butyrolactone-type factors may serve as interspecific stimulators although in this study none of the receiver strains responded to A-factor or to other y-butyrolactones. We suggest that different Streptomyces species may show symbiotic behavior by SEPT. 2000 sharing a commonsignalling substance(s) to adjust their activities for secondary metabolism and cell differentiation. Further studies on the chemical structures of stimulatory factors will provide significant information in understanding the communication mechanismamongStreptomyces species in the environment.
